Objectives. The functional impact of gout is poorly understood. The aim of this study was to determine predictors of hand function in gout. Methods. Twenty unselected patients with gout were recruited from rheumatology clinics. No patient had an acute gout flare at assessment. Participants were assessed for clinical characteristics of gout, including the site and number of tophi. Hand function was assessed by the Sollerman hand function test. Fingertip to palm (FTP) distance measurement, grip strength and the Disability Assessment of Shoulder and Hand (DASH) questionnaire scores were also recorded. Data were analysed by simple and multiple linear regression models. Results. The median Sollerman score was 75.5 (range 31-80). The median hand FTP distance was 2.91 (0.88-6.69) cm, grip strength was 31 (4-71) kg, and DASH score was 28.77 (0-76.47). Of the clinical characteristics measured, the number of joints of the hand with overlying tophi (hand tophus joint count) was the strongest single predictor of the Sollerman score (r 2 ¼ 0.59), and also predicted the other measures of hand mobility and function. A multiple regression model including hand tophus joint count, sex, number of gout flares in the preceding 6 months, gout disease duration and hand tender joint count was a better predictor of the Sollerman score than hand tophus joint count alone (r 2 ¼ 0.81, F 4,14 ¼ 3.94, P ¼ 0.024). Conclusions. Measures of chronic and poorly controlled disease predict hand function in patients with gout. In particular, tophaceous joint disease has a major impact on functional capacity in gout.
Gout is a major cause of arthritis worldwide. This disease is characterized by deposition of monosodium urate crystals in joints and soft tissues. In early disease, gout presents as recurrent episodes of self-limiting acute inflammatory attacks ('flares') of arthritis. In the presence of prolonged hyperuricaemia, some patients also develop chronic tophaceous disease and erosive polyarthritis.
Numerous studies have investigated the impact of inflammatory arthropathies such as rheumatoid arthritis on functional outcomes. The presence of persistent active inflammatory disease, as indicated by pain, joint tenderness and swelling, raised inflammatory markers and radiographic damage, predicts functional impairment in rheumatoid arthritis [1] [2] [3] [4] . In comparison, the functional impact of gout is poorly understood. Furthermore, predictors of poor functional outcome in gout are not well recognized.
Although the feet are most commonly affected by acute and chronic gout, the hands are also frequently affected. Chronic gout may lead to synovitis of the wrists and finger joints, and deposition of intra-articular and subcutaneous tophi. The aim of this study was to understand the impact of gout on objective measures of hand function, and to determine predictors of poor hand function in patients with this disease.
Patients and methods
Twenty patients with gout were recruited from rheumatology clinics at Auckland District Health Board and Counties Manukau District Health Board, Auckland, New Zealand from November 2005 to February 2006. The inclusion criteria were previous diagnosis of acute gout by a physician as defined by the Wallace classification for gout [5] and ability to provide written informed consent. Women of childbearing age were excluded from the study (due to the potential risks of radiographs in pregnancy). Patients with acute gout flares (as defined by marked tenderness, swelling and erythema of at least one joint) were also excluded. The Northern Regional X Ethics Committee approved this study. All patients provided written informed consent before inclusion into the study.
The patients were assessed to obtain clinical characteristics, including the number of tophi. The number of individual tophi on the hands was counted, and their position recorded on hand diagrams. All visible tophi were recorded, irrespective of size. Digital photographs of the hands were also obtained. Patients reported the level of pain experienced over the past week using a visual analogue scale (100 mm scale). Blood was obtained for measurement of serum urate, C-reactive protein and creatinine.
Plain radiographs of both hands were obtained on the same day as the clinical and hand function assessments. These radiographs were independently scored using a newly developed gout radiographic damage index by a rheumatologist (N.D.) and a radiologist (B.C.), both of whom were blinded to the hand function assessments. Inter-observer intraclass correlation coefficient for this score was 0.965 (0.915-0.986). The two sets of values were averaged to obtain the final scores. We have recently validated this index as an accurate and reliable measure of joint damage in gout [6] . This index includes the Sharp/van der Heijde scoring method for erosion and joint space narrowing in rheumatoid arthritis, with additional scoring of the hand distal interphalangeal joints.
Assessment of hand function was performed by a rheumatology occupational therapist (OT) who was blinded to the clinical and radiology findings. The OT administered the Sollerman hand function test, a validated objective measure of hand function [7] . In this test, patients are examined on their ability to perform 20 everyday tasks, testing seven of the eight most common hand grips. Grip capabilities are tested with simple activities such as turning a door handle, picking up coins, using a screwdriver and doing up a zip. A score of 0-4 is given depending on the time and ease with which each task was completed, with a total score out of 80 (maximum score indicating full hand function). The dominant hand Sollerman score was used for the analysis.
The OT also recorded fingertip to palm (FTP) flexion distance for each finger (to the distal palmar crease). The mean FTP distance for all fingers was used for the analysis. Grip strength was measured using a Jamar hand dynamometer (kindly provided by Surgical Synergies Ltd, NZ). The dominant hand grip strength was used for the analysis.
Subjective hand disability was measured using the Disabilities of Assessment Shoulder and Hand questionnaire (DASH) [8] . This is a validated self-administered questionnaire of 30 questions relating to symptoms and general function of the upper extremities. The questionnaire is scored from 0 to 100, with a score of 100 indicating maximum disability.
All patients completed the 20-item Health Assessment Questionnaire Disability Index (HAQ-DI) in English as described by Fries [9] . This self-report questionnaire examines eight key domains of activities of daily living (dressing and grooming, arising, eating, walking, hygiene, reach, grip, activities). Each domain is scored 0-3, with the sum of all domains divided by 8 to provide a HAQ-DI score ranging from 0 (no disability) to 3 (severe disability) on an ordinal scale.
The Medical Outcomes Study Short Form 36 (SF-36) questionnaire was also completed by all participants [10] . This is a validated self-report questionnaire that measures eight domains (physical functioning, physical roles, emotional roles, bodily pain, general health, vitality, social functioning and mental health). Each domain ranges from 0 (severe disability) to 100 (no disability).
Medians with ranges and percentages are used to describe the clinical characteristics and hand function of participants. Spearman correlations were used to describe the associations between variables. The Sollerman score was transformed to satisfy the assumptions of normality in regression models. Multiple regression was used to investigate the clinical variables that predicted hand function variables in this sample of patients. The r 2 -values were used to compare models with subsets with the same number of predictors and F-test statistics were calculated to compare nested models. Variables included in the model were selected based on three separate criteria. First, variables that influence hand function in the general population: age, sex, diagnosis of diabetes mellitus and renal function (as represented by serum creatinine) [11, 12] . Second, variables representing severity of gout disease activity: gout disease duration, number of gout flares in the preceding 6 months, number of tophi overall, the number of joints of the hand with overlying tophi (hand tophus joint count) and serum urate level. Finally, variables that have been associated with poor functional status in other forms of arthritis were selected; tender joint count, pain visual analogue score, radiographic erosion scores and C-reactive protein [2, 13, 14] .
Results

Baseline characteristics and hand function assessments
The clinical characteristics of the patients have been reported previously [15] and are summarized in Table 1 . The majority of patients (16/20, 80%) had some tophaceous disease. Most (14/16, 88%) of the patients with tophaceous disease had at least one hand tophus. The overall hand function assessments are also summarized in Table 1 . There was impairment of hand function in the study group overall, with a median Sollerman score measuring 75.5 (range 31-80).
Relationship between hand mobility and function measures in gout
Spearman correlation analysis indicated that the measures of hand mobility and function were strongly related to each other (Table 2 ). In addition, these measures were strongly associated with measures of overall physical disability, such as the HAQ-DI and the SF-36 physical function score ( Table 2) .
Predictors of hand mobility and function scores
Initial correlation analysis showed that a number of clinical variables were associated with the Sollerman score. These variables were gout disease severity measures such as serum urate concentration (r s ¼ À0.59, P ¼ 0.006), number of gout flares in the preceding 6 months (r s ¼ À0.61, P ¼ 0.004), the total number of tophi (r s ¼ À0.86, P < 0.0001) and the number of joints of the hand with overlying tophi (hand tophus joint count) (r s ¼ À0.88, P < 0.0001) (Fig. 1) . Arthritis severity measures were also correlated with the Sollerman score; pain visual analogue scale (r s ¼ À0.71, P ¼ 0.0004), hand tender joint count (r s ¼ À0.67, P ¼ 0.001) and radiographic damage score (r s ¼ À0.71, P ¼ 0.0005). In univariate correlation analysis, age, sex, serum creatinine, diabetes mellitus, gout disease duration and C-reactive protein did not correlate with hand function as measured by the Sollerman test.
The number of joints of the hand with overlying tophi (hand tophus joint count) was found to be the best single predictor of the Sollerman score (r 2 ¼ 0.59, Table 3 ). There was a relationship between the hand tophus joint count and other measures of gout severity such as serum urate concentration (r s ¼ 0.53, P ¼ 0.016), number of gout flares in the preceding 6 months (r s ¼ 0.63, P ¼ 0.003) and the total number of tophi (r s ¼ 0.95, P < 0.001), and also measures of arthritis severity such as pain visual analogue scale (r s ¼ 0.83, P < 0.001), hand tender joint count (r s ¼ 0.77, P < 0.001) and radiographic damage (r s ¼ 0.71, P < 0.001). However, in multiple regression analysis, the hand tophus joint count predicted the Sollerman score after adjusting for each of these variables. For all relationships, P < 0.0001. SF-36 PF: physical function score of the SF-36 questionnaire.
Although the hand tophus joint count was the best single predictor of the Sollerman score, a multiple regression model including hand tophus joint count, sex, number of gout flares in the preceding 6 months, gout disease duration and hand tender joint count was a better predictor than hand tophus joint count alone (Table 3, 
Discussion
This work has demonstrated that tophaceous joint disease is a major independent predictor of hand function in patients with gout. Furthermore, other measures of gout disease severity such as disease duration and frequency of gout flares further contribute to hand function. In this study, most patients with tophaceous disease had tophi involving the hands. This observation, together with the analysis of hand function in this patient group, suggests that impairment of hand function is a frequent occurrence in patients with chronic tophaceous gout. The key predictor of hand function was the number of joints of the hand with overlying tophi (hand tophus joint count). This finding may indicate that individuals with fewer tophi in the hand retain a greater diversity of grips, greater grip strength and can adapt by using unaffected fingers or the contralateral hand. As tophi increase in size and number and more joints become involved, the ability to adapt diminishes. Tophi may influence joint function in a number of ways; by joint damage, associated synovitis and/or mechanical obstruction to joint movement. Although radiographic damage did correlate with the Sollerman score in this study, the hand tophus joint count independently predicted the Sollerman score, even after adjusting for radiographic damage scores. Similarly, it is unlikely that synovitis related to intra-articular uric acid deposits completely explains the observed relationship, as the hand tophus joint count independently predicted the Sollerman score, even after adjusting for pain scores and tender joint counts. Furthermore, patients with signs of active synovitis were excluded from the study, and there was no significant relationship between C-reactive protein and Sollerman scores.
The observation that mean FTP measurements are strongly associated with other measures of hand function and also the hand tophus joint count is in keeping with the clinical observation that tophaceous involvement of the hands frequently leads to fixed contractures of the fingers that in turn impact on hand function. Mechanical obstruction to joint movement by tophi may lead to subsequent reduced grip strength, loss of dexterity and poor in-hand manipulation. Fixed contractures result in stiff extended fingers that are unable to conform to the shape of objects when grasping (for example, the ability to hold a hammer, pick up a glass, grasp cutlery or carry a bag would be impeded). With loss of finger flexion pinch grips are also affected; these grips are essential for dexterous tasks such as writing, undoing lids, picking up and holding small objects.
As in patients with RA [16] , the measures of hand mobility and function used in this study of patients with gout generally correlated well with one another, and with measures of overall physical function. Although hand tophus joint count strongly predicted all measures of hand mobility and function, there were some differences in the predictors of objective measures of hand function and mobility (Sollerman score, FTP distance and grip strength), and the subjective measure of hand disability (DASH score). In particular, pain and joint tenderness were stronger predictors of subjective hand disability. This finding may be due to the guarding and protective strategies that are employed by individuals with joint pain. It is interesting to note that tender joint count was a contributor to hand function, despite the exclusion of patients with acute gout flares. This observation may be explained by low-grade chronic inflammation present in patients with chronic tophaceous disease. We recognize that this study has some limitations, particularly the small sample size and recruitment from secondary care clinics. Although this is a small study, the relationship between hand function measures and tophaceous joint disease was clearly and consistently demonstrated, emphasizing the strength of the relationship. The patients were recruited from secondary care rheumatology clinics, rather than primary care where many patients with gout are treated, and thus may not be representative of the overall population of gout patients. The serum urate concentrations in the study patients were high despite uratelowering therapy, consistent with severe treatment-resistant gout that is more often observed in secondary care clinics. Despite this, we believe that the results have relevance to specialist rheumatologists working in secondary care and also primary care physicians treating patients with gout.
In addition to the development of tophaceous disease, gout is characterized by recurrent episodes of severe joint inflammation. In this study, patients with acute gout flares were excluded, in an attempt to explore the impact of gout on usual joint function. It is likely that further deterioration of joint function occurs at the time of gout flares. Further work to understand the impact of gout flares on hand and general musculoskeletal function will be of great interest.
Lowering of serum urate levels to <0.36 mmol/l is key in achieving tophus regression and also reducing the frequency of gout flares [17, 18] . However, the impact of effective uratelowering therapy on musculoskeletal function has not been demonstrated. Measures of chronic and poorly controlled gout were major predictors of hand function in this study. Although this study did not specifically address the impact of therapy on hand function, our data suggest that intensive early treatment of gout with effective urate-lowering medication may play a major role in preventing the functional consequences of gout. Further prospective studies are needed to specifically address this issue.
In summary, tophaceous disease of the hand strongly predicts impairment of hand mobility and function. These data emphasize the impact of tophaceous gout on functional capacity, and argue for intensive treatment to prevent development of tophaceous disease and its associated functional consequences.
